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Parvovirus B19 transmission by a high-purity factor
VHI concentrate

Chuan-ging Wu, Bobby Mason, Julia Jong, Dean Erdman, Laurel McKernan, Meredith Oakley,
Mike Soucie, Bruce Evatt, and Mei-ying W. Yu

BACKGROUND: Parvovirus B19 {B18) is known to
cause a.variety of human diseases in susceptible
individuals by close contact via the respiratory route or by
transfusion of contaminated blood or blood products. In
this study, whether a case of B19 transmission was
causally related to the infusion of implicated lots of a
solvent/detergent (S/D)-treated, immunoaffinity-purified
factor Vil concentrate {antihemophilic factor [numan]
[AHF]) was investigated.

STUDY DESIGN AND METHODS: Anti-B19 (both
immunoglobulin ™ [Igh] and immunoglobulin G {1gG]) and
B19 DNA (by a nucleic acid tasting [NAT] procedure) wers
assayed in two implicated product lots, a plasma paol,
and a recipient's serum sample. Analysis of the partial
B19 sequences obtained from sequencing clones or
direct sequencing of the samples was performed.
RESULTS: Only one of the two implicated lots was B19
DNA-positive. It contained 1.3 x 10° genome equivalents
(geq or international units [IU]) per mL. The negative tot
was derived from plasma screened for B19 DNA by NAT
in a minipoo! format 1o exclude high-iiter donaiions,
whereas the positive ot was mostly from unscreened
plasma. This high-purity AHF product had no detectable
anti-B19 lgG. A 4-week postinfusion serum sample from
a recipient, who received both lots and became ill, was
positive for the presence of B19 antibodies (both IgM and
IgG) as well as B19 DNA. The B19 sequences from the
positive lot, its plasma pool, and the recipient’s serum
sample were closely related.

CONCLUSION: These findings and the recipient’s clinical
history support a causal relationship between the
implicated AHF product and 818 infection in this recipient.
The seronegative patient-became infected after receiving
2 x 10* W (or geq) of B19 DNA, which was present in this
S/D-treated, high-purity AHF product.

arvovirus B19 (B19) is a small, nonenveloped,
single-stranded DNA virus that is known to resist
viral inactivation procedures commonly used
in manufacturing plasma-derived products. The
virus is widespread, and manifestations of infection vary
depending on the immunologic and hematologic status
of the host {there are numerous reviews; see Young and
Brown! for a recent review). B19 infection in immunocom-
petent persons is often asymptomatic or benign, or results
in mild illness, including erythema infectiosum (fifth dis-
ease) in children and arthropathy in adulis. B19, however,
can cause more severe diseases in vulnerable individuals,
such as transient aplastic crisis in persons with hemato-
logic disorders, hydrops fetalis and subsequent congenital
anemia or fetal death in pregnant women, and pure red
cell aplasia and chronic anemia in those who are immune
compromised.t
Diagnosis of B19 infection is based on detection of
specific immunoglobulin M (IgM) and immunoglobulin
M (IgG) antibodies by enzyme-linked immunosorbent
assays (ELISA) or of viral DNA by nucleic acid testing
(NAT) procedures. Serologic studies have shown that at
least 50 percent of adults have circulating B19 IgG, which
is evidence of past infection.®® The prevalence of B19 vire-
mia in blood and plasma donors has been reported to

ABBREVIATIONS: AHF = antihemophilic factor; Human B19 =
parvovirus B19; HTC = hemophilia treatment center.

From the Division of Hematology, Center for Biologics Evaluation
and Research, Food and Drug Administration, Bethesda,
Maryland; the Centers for Disease Control and Prevention,
Atlanta, Georgia; and the Dartmouth Hitchcock Hemophilia
Program, Lebanon, New Hampshire.

Address reprint requests to: Mei-ying W. Yu, PhD, Division of
Hematology, HFM-345, Center for Biologics Bvaluation and
Research, Food and Drug Administration, Room 303, 29 Lincoln
Drive, Bethesda, MD 20852; e-mail: yu@cher.fda.gov.

Received for publication September 30, 2004; accepted
November 24, 2004.

doi: 10.1111/4.1537-2995.2005.04387.x

TRANSFUSION 2005;45:1003-101.0.

Volume 45, June 2005 TRANSFUSION 1003




WU ET AL.

-

range from 0.003 to 0.6 percent, depending on whether
the testing is performed at the time of an epidemic and
the sensitivity of NAT methods.*® Although B19 is nor-
mally transmitted via the respiratory route or transplacen-
tally from mother to fetus, parenteral transmission can
occur through the infusion of contaminated blood prod-
ucts. These latter iransmissions are mainly due to the
extremely high viremic levels in plasma, for example, 101
genome equivalents (geq) of B19 DNA per mL, found atan
early phase of the infection in acutely infected but asymp-
tomatic donors.” Thus, the risk of B19 transmission via
single-donor blood components is rare but is substantially
greater via products from pooled plasma.?

B19 DNA has been detected in high proportions and
high levels in plasma pools and their resulting plasma
derivatives, especially the coagulation products.®*** Con-
sistent with these findings, almost all persons with hemo-
philia in cross-sectional studies from 1982 to 1997 were
found to be anti-B19 IgG-positive, in contrast to approxi-

mately 50 percent of the untransfused, unireated control .

population.’? Reports of transmissions atiributed to
infused factor VIII (FVIT]) concentrates (antihemophilic
factor {human] [AHF]), subjected to solvent/detergent (S/
D) or heat treatment or both, have been numerous.'*"

In most transmission cases, however, the causality
assessment'® between the product and the recipients
infection was not well established. The level of B19 DNA
in the product that resulted in infection has rarely been
determined, and the minimum viral exposuze needed to
produce an infection is not clearly defined. In this study,
we investigated a case report and established a causal
relationship between an implicated AHF product and a
recipient. Infection occurred when the seronegative recip-
ient received 2x 10* geq (equivalent to 2x 10* interna-
tional units [TUf] based upon our NAT method) of B19
DNA, in a S/D-treated, high-purity AHF product that con-
tained no detectable anti-B19 IgG. Two product lots were
initially implicated. One lot, which was negative for 519
DNA, was derived solely from plasma screened for B19
DNA by NAT in a minipool format to exclude high-titer
donations. -

CASE REPORT

The Food and Drug Administration {FDA} received the
following MedWatch report (an adverse event report) from
a hemophilia treatment center (HTC) in 2001. A 47-year-

old man with mild hemophilia A received a total of’

approximately 3800 IU of FVIU clotting activity in the form
of three vials of ane Iot of AHF and one vial of another lot,
as prophylaxis before undergoing colonoscopy. Both lots
were the same AHF product. The patient had ablood spec-
imen drawn 10 minutes before the product infusion for
participation in an HTC-based blood safety monitoring
program sponsored by the Centers for Disease Control
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and Prevention (CDC).? Beginning 1week after the
colonoscopy, he experienced 2weeks of symptoms,
including flu-like low-grade fever, extreme fatigue, inter-
mittent abdominal pain, and significant joint pain. He
visited his primary care physician 4 weeks after the proce-
dure and a blood specimen was taken. It was found to be
positive for the presence of anti-B19 IgM and IgG. The
HTC notifted the manufacturer and CDC, and the pre- and
postinfusion specimens were tesied at the CDC. The CDC
found that the preinfusion sample was negative for the
presence of anti-B19 IgM and IgG and for B1S DNA,
whereas the postinfusion sample was positive for all three
markers. Before the colonoscopy, the patient had not used
any AHE or blood products for at least 12 years. He was
positive serclogically for the presence of hepatitis C virus
but negative for the presence of hepatitis A virus, hepatitis
B virus, or human immunodeficiency virus, all of which
were performed by ELISA tests. He had no children and
denied any association with children during the weeks
before and following the colonoscopy. -~
The CDC informed the FDA of the incident and both .
agencies jointly investigated the case. Three other patients
also received the implicated lots from the same treatment
center. All three of these patients were retrospectively
found to be frequent users of AHF products and did not
experience any discomfort or Bl9-associated symptoms
during the same time period.

MATERIALS AND METHODS

Patient specimens, AHF, and plasma pool samples
Serum specimens were collected from the patient before
and 4 weeks after the infusion. Lot-release samples of the
two implicated AIF lots {designated A and B) submitted
by the manufacturer to the FDA were available. Several
plasma pools used as starting material for manufacturing
Iot A were kindly provided by the manufacturer.

Detection and quantitation of B19 DNA by
polymerase chain reaction

One vial of each implicated AHF lot was reconstituted
with 5 mL of diluent, that is, half of the volume specified
by the manufacturer, and 0.2-mL aliquots were used for
DNA extraction. For seruin specimens or plasma pools,
0.1-mL aliguots were used. For a plasma pool having a
high titer of DNA, a 10°-fold diluted sample was used. DNA
was extracted by use of an isolation kit and procedures
(NucliSens, Organon Teknika, Durham, NC), and the DNA
from each sample was recovered with 100 uL of elution
buffer. The following in-house nested B19 NAT procedure-
was used. A 25-uL aliquot of undiluted or 10°*-fold serially
diluted DNA. extract was added to a 25-uL master mix so
that the final reaction mixture for the first-round amplifi-
cation contained 10mmol per L Tris-HCL pH8.3,
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50 mmeol per L KCl, 1.5 mmol per L MgCl,, 0.001 percent
(wt/vol) gelatin, 1.25 units AmpliTag DNA polymerase
{Applied Biosystems, Foster City, CA), 100 umol per L of
each dNTP and 0.2 umol per L of each of the first-set prim-
ers. One microliter of the first amplification product was
transferred into a second 50-uL amplification mixture
containing the same constituents-as the first except that
0.2umol per L of each of the second-set primers was
present. Nested primer sequences derived from the VP1/
VP2 region of the B19-Au genome® were used. The first-
set primers were 5-CTTTAGGTATAGCCAACTGG-3'
(nucleotides 2905-2924) and 5-CCTTATAATGGTGC
TCTGGG-3’ (nucleotides 3290-3271), whereas the second-
set primers were 5-CATTGGACTGTAGCAGATGA-3'
{nucleotides 2951-2970) and 5-GCTTTTGACAGAATTA
CTGC-3' (nucleotides 3193-3174). Amplification was per-
formed in a thermocycler (Model 9600, Perkin Elmer, Fos-
ter City, CA) with the following settings: for the first-round
amplification, an initial heating at 94°C for 3 minutes was
followed by 30 cycles of 94°C for 30 seconds, 55°C for

Oseconds, and 72°C for 90 seconds; for the second
amplification, 30 cycles of 94°C for 15 seconds, 55°C for
30 seconds, and 72°C for 50 seconds were performed. A
final amplification product of 243 bp was then analyzed
by elecirophoresis on 1.8 percent agarose gel and visual-
ized by ethidium broruide staining.

For sample extraction and B19 NAT, both the WHO
International Standard (NIBSC 99/800, i0° TU of B19
DNA/ mL when reconstituted) and the CBER standard for
B19 DNA (10° IU/ml) were used as contrels.’® Both were
diluted 10°-fold before use. The amount of B19 DNA
expressed as geq was determined by limiting dilution
analysis. For 0.1 mL of serumn or plasima, the sensitivity of
the NAT was 40 geq per mL; for 0.2 mL of AHE it was 20
geq per mL. Both standards were found to contain 10° geq
per mL by our NAT procedure and hence the conversion
ratio from IU to geq is 1:1, rather than 1:0.6 to 1:0.8
obtained in a collaborative study.™

Jloning, sequencing, and phylogenetic analysis

The extracted DNA samples were amplified with a semin-
ested B19 NAT procedure for DNA sequencing. Both anti-
sense primers, other NAT constituenis, and conditions
were similar to those described above for the nested B19
NAT procedure except that a new sense primer derived
from the C-terminal NS1 region, that is, 5-GTGCTTACCT
GTCTGGATTG (mucleotides 2408-2427), was used for both
rounds of amplification so that the C-terminal N51 region
and the unique VP1 region would be included in the
amplified product. The final amplified product, 786 bp,
was purified by a polymerase chain reaction (PCR) purifi-
cation kit (QIAQuick, Qiagen, Hilden, Germany), intro-
duced into the pCR2.1-TOPQ vector (Invitrogen, Carisbad,
C4), and subsequently was used to transform Escherichia
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coli, For each of the samples, as well as the two NAT con-
trols (WHQ and CBER B19 standards), three to six clones
were grown and purified by use of a spin miniprep
(QiAPrep, Qiagen).

The inserts were sequenced on a sequencer (Model
310, Applied Biosystems) with a cycle sequencing kit con-
taining a high-fidelity DNA polymerase (Big Dye Termina-
tor, Applied Biosystems) with 0.5 ug of plasmid DNA and
a universal M13 reverse primer according to the manufac-
turer'’s specified procedure. Cloning was not performed on
the plasma pool sample that contained high levels of B19
DNA. Instead, the amplified products derived from the
pool sample, as well as from both B19 NAT standards, were
sequenced directly. The sequencing primers were the
same as those used for the seminested NAT procedure.
Sequence alignments of the N-terminal unique VP1 region
corresponded to nucleotides 2444 through 2666 {nucle-
otide numbering based on the published Au sequence?),
and phylogenetic analysis was performed by with a com-
puter program (DNASTAR, DNASTAR, Inc., Madison, WI).
Trees were generated by use of a neighbor-joining algo-
rithm in comparison to 12 published B19 sequences
adopted from GenBanlk.

Anti-B19 detection

Anti-B19 IgM and IgG antibodies were detected by use of
B19 IgM and 1gG enzyme immunoassay kits {Biotrin Inter-
national Ltd, Dublin, Ireland} according to the manufac-
turer’s protocols. For serum or plasma specimens, 10-giL
aliquots were used as instructed, whereas for AHE a 100-
uL aliguot was used.

RESULTS

The 4-week postinfusion serum sample from the patient
was found to be positive for the presence of anti-B19 {both
IgM and IgG) and B19 DNA, whereas the serum sample
collected before the infusion of the implicated AHF lots
was negative for both (Table 1). The viremic level in the 4-
week specimen was 10° geq per mL (equivalent to 10° IU/
mlL) as determined by limiting dilution analysis with our
nested NAT method. Only AHF lot A had detectable B19
DNA, that is, 1.3 x 10° geq per mL (or 6.5 x 10° IU/vial of
AIIF). Anti-B19 IgG was not detected in the product
Hence, the patient received a total of 2 x 10* geq {or IU) of
B19 DNA with no anti-B19 IgG associated with the AHF
product. Several plasma pools from which lot A was
derived were subsequently tested and all but one con-
tained less than 10* geq per mL B19 DNA (data not shown).
That plasma pool ¢ontained 107 geq per mL of B19 DNA
and was positive for the presence of anti-B19 IgG, as
expected for any given large plasma pool.

To investigate the case further, DNA sequencing of
the C-terminal NS-1 region and the unique VP1 region was
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performed. The unique VP1 sequences obtained from
clones derived from the recipient and the implicated AHF
product were compared to clones derived from the WHO
and CBER B19 DNA standards, direct sequences obtained
from the high-titer plasma pool for lot A, the two B19 DNA

TABLE 1. Anti-B19 and B19 DNA in patient’'s serum
specimens, implicated AHF lots, and a sample of a
plasma pool used in manufacturing for lot A

B19 antibedies B19 DNA
Sample g 1gG (geg/mL)*
Patient
Preinfusion serum sample
4-week serum sample
implicated AHF

Negalive Negative Negative
Positive  Positive 1000

Lot A NDt Negative 1,300
Lot B ND ND Negative
Piasma pool for Lot A ND Positive 107

* Calculated from geometric mean values of two determinations
for the postinfusion sample, four determinations for the AHF
sample, and two for the plasma pools. The conversion ratio from
geq to IU of B19 DNA by the NAT method is 1:1 (see Materials
and methods).

t ND = not determined.

standards, and 12 published B19 sequences including
strains Au* and Wi* in GenBank. As summarized in
Table 2, two unique nucleotide substitutions were identi-
fied at positions 88 and 135, equivalent to 2531 (GTT to
CTT) and 2578 (TAT to TAC) of B19 Au strain, in all five
clones (Pat-1-5) from the patient, in all four clones (VIII-
1-4} from the implicated lot A, and in a direct sequence
obtained from the high-titer plasma pool {Plasma-P). In
contrast, both substitutions were not found in any of the
published isolates or in any of the six clones (WHO-1-6)
or in the direct sequence derived from the WHO standard
{WHO-P). Although one of three clones derived from the
CBER B19 standard, that is, CBER-1, had both substitu-
tions, it also had additional sequence variations elsewhere
within the region. Identical sequences were obtained from
all five (Pat-1-5) clones from the patient, three (VIII-1, -2,
and -4) clones from implicated product lotA, and the
direct sequence from a plasma pool for lotA, that is,
Plasma-F VIII-3 had two additional substitutions in the
VP1 unique region. Variability of the clone sequences from
both WHO and CBER standards was also seen; however, it
was rarely detected by direct sequencing (Table 2).

To demonstrate a causal relationship between the
implicated product and the patient’s infection, phyloge-
netic analysis of the sequences was performed. Nucle-
otide sequences from both the patient’s postinfusion
serum sample and AHF lotA and the predominant
sequence of the plasma pool for 1ot A were highly similar
{Fig. ). In contrast, these sequences were not closely
related to those derived from either the WHO and the
CBER standards or other known B1$ isolates. '
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DISCUSSION

Adverse event reports are routinely received by the FDA
(often through the MedWatch system), and every effort
is made to follow-up reports of disease transmission
by FDA-regulated products. Unfortunately, in the case of
putative infectivity, preinfusion samples of the recipients’
serum samples are rarely available; hence causality is
difficult to assess. In the case investigated in this study, a
preinfusion specimen obtained immediately before
administration of the implicated praduct was uniquely
available for analysis.

The recipient’s seroconversion to B1$-specific IgM
and IgG antibodies, and the appearance of B19 DNA,
occurred in the same fime as sympioms consistent with
acute B19 infection.! The low viremic level, 10° geq per mL,
found in the patient’s 4-week postinfusion specimen was
consistent with levels found afier seroconversion.”
Although serum samples of other patients who received

the implicated lots at the same hospital were not available, T

it is reasonable to assume that they had seroconverted at
some time in the past because they were all frequent users
of AHF products. Evidently, as a result of the protection
afforded by their circulating antibodies, they did not expe-
rience any B19-associated symptoms.

B19 DNA has been known to be prevalent in plasma-
derived AHF products with documented levels as high as
107 geq per mL of reconstituted product®! In our study,
the level of B19 DNA found in the implicated AHF product
(lot A) was 1.3 x 10° geq per mL, which is near the mean
level of B19 DNA historically found in US-licensed AHF
products derived from plasma unscreened by B19 NAT*
As expecied, the level of B19 DNA found in the plasma
pool from which lot A was derived was much higher, that
is, 107 geg per mL, although leveis of at least 10° geq per
mL have been reported.”

B19 is a small nonenveloped virus known to with-
stand the commonly used virucidal method. jor plasma

derivatives, such as S/ and heat treatments, although .

recent findings®* suggest that B19 could be susceptible
to inactivation when heated in certain liquid media.
Hence, the clearance of B19 for plasma derivatives relies
mainly on removal, rather than inactivation, steps, such
as chromatography or nanofiltration,” the latter heing
effective only when small pore-size membranes are used.
Although the purification procedures for the AHF-impli-
cated product include an immunoaffinity-chromatogra-
phy step, which has been validated to remaove effectively
a model virus for B19, the viral load in the manufacturing
pool obviously was too high to clear the virus from the
final product. Additionally, we found that B19 IgG anti-
bodies, which are considered to be neutralizing antibodies
and appear to confer lasting protection,’ were present
in the large plasma pool but not detected in the final
product.




TABLE 2. B19 nucleotide sequences of the VP1 unique region among various isolates
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implicated product to reveal individual
sequences present in the original
denations.

The sequences of all five clones
from the recipient’s serum sample were
not only identical to three of the four
clones from the implicated product, but
also to the predominant sequence from
the product’s plasma peol. Two unique
nucleotide substitutions were observed
in all sequences from the patient, the
product, and the plasma pool. Phyloge-
netic analysis revealed a close relation-

Plasma-P
WHC-1
CBER-2
CBER-3
WHO3
WHO4
CBER-P
CBER-1
WHO-2
AB126262
- wWHOa
WHCP
— NGC_030093
AB126271
WHOLS

819-Au
AY582157
BrewW
AYEE1680

ship among sequences from all three
sources, whereas the sequences deter-
mined for the WHO and CBER B19 stan-
dards and the published Au, Wi, and 10
other B19 isolates were distinct. In addi-

tion, all sequences mentioned in this

AYSBZ164
AYsa2183
— N
a7 : . : . AYGATITT7
a 8 2 o

4
Nuclentide substituzons {x100}

Fig. 1. Estimated neighbor-joining tree obtained from B19 sequences (223 nucle-
otides) of the VP1 unique region abtained from the patient’s 4-week postinfusion
serum sample (Pat clones 1-5}, from lot A of AHF {VIII clones 1-4), from the CBER
(CBER clones 1-3}, and WHO B19 (WHO clones 1-6) standards and sequences deter-
mined directly from PCR-amplified products derived from either the plasma paol
containing 107 geq per mL B19 DNA for lot A (Plasma-P) or the two corresponding B19
standards (WHO-P and CBER-P). Included for analysis are 12 published B19
sequences including strains Au and Wi in GenBank. Relative molecular distances are
indicated as the number of nucleotide substitutions per hundred nueleotides.

Detection of B19 DNA in both the product and the
tecipient does not necessarily equate with causality, To
further establish a causal relationship,” we explored the
genetic avidence of B19 sequence similarity among the
recipient’s serum sarmnple, the infused AHF product, and a
plasma pool for the product. In general, the genetic diver-
sity among B19 isolates is very low, with less than 1 to
2 percent nucleotide divergence in the whole genome.!”*
To confirm two Bl9-transmission cases by their corre-
sponding coagulation products, Bliimel and coworkers"
sequenced about half of the B19 genome (approx. 2700
nucleotides) consisting of the C-terminal NS-1 region, the
VP1-unique region, and the VP2 region. These authors
employed direct sequencing of PCR-amplified products,
which reflects only the predominant sequence, but not
minor variant sequences that may be present in the impli-
cated products. We chose to sequence mainly the unique
VP1 region, which appeared to exhibit the most variation
in sequences at both the DNA and the protein levels.!"?
Because there might be many contaminated plasma
donations, resulting in a mixture of B19 sequences in the
final product, we performed sequence cloning of PCR-
amplified DNA from the patient’s serum sample and the
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study were confirmed as genotype 1,:
distinctively different from strain Lali
(genotype 2) and strain V9 (genotype 3}
sequences (data not shown).”

As a result of the B19 transmission
associated with pooled plasma, S/D
treated®* in a postmarket surveillance
study that correlated product infectivity
with a high concentration of virus in the
manufacturing pool, testing for B1%
DNA by NAT in a minipool format was
implemented by the manufacturer to
exclude use of plasma donations with
high virus titers so that the viral load in the manufacturing
pool can be limited to less than 10' geq per mL B19
DNA.#% To reduce the potential risk of transmission by
other plasma-derived products, the FDA has since pro-
posed a limit of less than 10* IU per mL for manufacturing
pools destined for all plasma derivatives.®® [t is neither .
feasible to exclude all B19 DNA-positive plasma donations. -
nor desirable to remove the high-titer antibody donations
associated with low-level viremia.” Hence, highly sensitive
B19 NAT assays are not suitable for this application
because they hold the possibility of removing low viremic,
but not infectious, plasma donations and thereby
compromising B19 antibody levels in the manufacturing
pool.

Some fractionators, mostly those who use source
plasma, have begun to use less sensitive, or so-called high-
titer, minipool NAT screening. The sensitivity of these
screening tests varies with donations identified as B19-
pasitive ranging from at least 10° to at least 107 geq per mlL,
but they offer a mechanism by which the viral load in
manufacturing pools can be limited.*** Some final prod-
ucts obtained from minipool-screened plasma have found
to be devoid of B19 DNA contamination.®






